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1 a
$u=$ $(u^{1}, u^{2}, \ldots, u^{m})$
$(\partial_{t}^{2}-c_{i}^{2}\Delta)u^{i}(t, x)$ $=F^{i}(\partial u, \partial^{2}u)$ , $t>0,$ $x\in \mathrm{R}^{n},$ $i=1,$ $\ldots,$ $m$ ,
$u^{i}(0, x)=f^{i}(x),$ $\partial_{t}u^{i}(0,x)=g^{i}(x)$ , $x\in \mathrm{R}^{n},$ $i=1,$ $\ldots$ , $m$
. $n\geqq 3$ , $f^{i},$ $g^{i}$
$C^{\infty}$ , $u$ , $\partial^{2}u$ 2 :
$F^{i}( \partial u, \partial^{2}u)=\sum m$
$\sum nG_{jk}^{i,\alpha\beta\gamma}\partial_{\alpha}u^{j}\partial_{\beta}\partial_{\gamma}u^{k}+\sum_{j,k=1}^{m}\sum_{\alpha,\beta=0}^{n}H_{\mathrm{j}k}^{i,\alpha\beta}\partial_{\alpha}u^{j}\partial_{\beta}u^{k}$ . (3)








, $n\geqq 4$ $C^{\infty}$
([2, 11]). $n=3$
, $F^{i}$ (\partial u, $\partial^{2}u$) “mffl condition”
. Klainerman [12] $c_{1}=\cdots=$ $=1$
$\Omega_{ij}=x^{i}\partial_{j}-x^{j}$a$i$ ,
$S=t \partial_{t}+\sum_{i=1}x^{i}\partial_{i}$ , $L_{i}=t\partial_{i}+x^{i}\partial_{t}$ (5)
null condition .





. Yokoyama [19] (5) $\Omega_{ij}$ $S$
. $L_{i}$ (1)
, .
[19] [3, 17, 18] , [6, 7, 8]





$u(t, x)=F$ (\partial u), $t>0,$ $x\in \mathrm{R}^{n}\backslash \mathcal{K}$ , (6)
$u(t, x)=0$, $t>0,$ $x\in\partial \mathcal{K}$ (7)
. $S$ $S^{a}u$ $(a=1,2, . . .)$
, $\partial_{t}S^{a}u\cdot\square S^{a}u$ $\mathrm{R}^{n}\backslash \mathcal{K}$
$\frac{\mathrm{d}}{\mathrm{d}t}||\partial S^{a}u(t)||_{L^{2}(\mathrm{R}^{n}\backslash \mathcal{K})}^{2}+2\int_{\partial \mathcal{K}}\partial_{t}S^{a}u\cdot\partial_{\vec{n}}S^{a}u\mathrm{d}\sigma=2\int_{\mathrm{R}^{n}\backslash \mathcal{K}}\partial_{t}S^{a}u\cdot\square S^{a}u\mathrm{d}x$
2 , .
Keel-Smith-Sogge[10] $a=1$
$\mathit{1}_{\mathcal{K}}^{\partial_{t}Su}$ . $\vec{n}Su$ $\mathrm{d}\sigma=t\int_{\partial \mathcal{K}}(x,\vec{n})(\partial_{\vec{n}}\partial_{t}u)^{2}\mathrm{d}\sigma+\int_{\partial \mathcal{K}}(x,\overline{n})\partial_{\vec{n}}\partial_{t}u$ . $\tilde{n}(X, \nabla u)\mathrm{d}\sigma$
. (n\rightarrow K .) $(x,\vec{n})\geqq 0$
, $t$
. $a\geqq 2$




. , $(1)-(2)$ $S$ 2
[10]
. $n=3$ ,
$F^{i}( \partial u, \partial^{2}u)=\sum_{j,k=1}^{m}\sum_{\alpha,\beta,\gamma=1}^{3}C_{jk}^{i,a\beta\gamma}Q_{\alpha\beta}(u^{j}, \partial_{\gamma}u^{k})+\sum_{j,k=1}^{m}\sum_{\alpha,\beta=1}^{3}C_{j\acute{k}}^{i\alpha\beta}Q_{\alpha\beta}(u^{j}, u^{k})$ , (8)
$Q_{\alpha\beta}(u, v)=\partial_{\alpha}u\partial_{\beta}v-\partial_{\beta}u\partial_{\alpha}v$, (9)
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. $n=3$ null condition
, $S$ ([3, 19])
.
, . $\partial_{\alpha}$ $(\alpha=0,1, . . . , n)$ (5)
$\Omega_{ij}(1\leqq i<j\leqq n)$ 1 $Z_{1},$ $Z_{2},$
$,$ . $.$ : $Z(n^{2}+n+2)/2$ .
$u=$ $(u^{1}, u2, . . . , u^{m})$ ,




1 $F^{i}$ (\partial u, $\partial^{2}u$) (3), (4) . $n=3$ (8)
. $l\in \mathrm{Z}$ $\mu=l-[n/2]-2$ $[l/2]+[n/2]+2\leqq\mu$
$l$ $E_{l}^{1/2}(u(0))<\epsilon$ $(1)-(2)$
. :
$E_{\mu}^{1/2}(u(t))<2\epsilon$ , $E_{l}^{1/2}(u(t))\leqq 2E_{l}^{1/2}(u(0))(1+t)^{C\epsilon}$ . (12)
, ([4, 5]).




$x=$ $(x^{1}, x2, . . . , x^{n})\in \mathrm{R}^{n}$
, $t\geqq 0$ . $t$ $x^{0}$ <| /\partial x\mbox{\boldmath $\alpha$} $=:\partial$\mbox{\boldmath $\alpha$}
$=$ $(\wedge, \partial 1, . . . , \partial_{n}),$ $\nabla=$ ( $\partial_{1},$ $\ldots,$ $\partial$n) $\partial_{0}$ $\partial_{t}$ , 1 (5)
$\Omega_{ij}=x^{i}\partial_{j}-x^{j}\partial_{i}(1\leqq i<j\leqq n)$ , $S= \sum_{\alpha=0}^{n}x^{\alpha}\partial_{\alpha}$ (13)
, $\Omega=$ ( $\Omega_{12},$ $\ldots,$ $\Omega$1n’ $\Omega_{23},$ $\ldots,$ $\Omega_{n-1n}$), $Z=(\partial, \Omega)$
.
$\langle$ . $Z$ $\nu=(n^{2}+n+2)/2$
. , $\nabla,$ $\Omega$
$Z$ . $Z=$ $(Z_{1}, \ldots, Z\nu)$
$Z^{a}=Z_{1}^{a_{1}}\cdots Z_{\nu}^{a_{\nu}}$ , $a–(a_{1}, \ldots, a_{\nu})$
88
. $\int a|=a_{1}+\cdots+a_{\nu}$ . $Z_{i}Z_{j}\neq Z_{j}Z_{i}$ ,
$Z^{a}Z^{b}=Z^{a+b}$ . $A,$ $B$ $[A, B]=AB-BA$
,
$[ \partial_{\alpha}, Z_{i}]=\sum_{j=1}^{n}C_{\alpha i}^{j}\partial_{j}$, $[S, Z_{i}]= \sum_{\alpha=0}^{n}C_{i}^{\alpha}\partial_{\alpha}$, (14)
$[Z_{i}, Z_{j}]= \sum_{k=1}^{n}D_{ij}^{k}Z_{k}$ (15)
( $C_{\alpha i}^{j},$ $C_{i}^{\alpha},$ $D_{\dot{\tau}j}^{k}$ ). $\partial_{\alpha}$ $Z_{i}$
$\text{ }(14),$ (15) . $\mathrm{D}$ ’Alembertian
$\square _{i}:=\partial_{t}^{2}-ci2\Delta$, $(i=1, . . . , m)$ (16)
$[Z_{i}, \square j]=0$ , $[S, \square _{i}]=-2\coprod_{i}$ (17)
. (1) $u=$ ($u^{1},$ $\ldots,$ $u$m) ,
iSaZbui
$= \sum_{\mathrm{c}\leqq a}\sum_{|d|\leqq|b|}C_{\mathrm{c}d}^{abi}S^{c}Z^{d}F^{i}(\partial u, \partial^{2}u)$
$(i=1, \ldots, m)$ (18)
( $C_{\mathrm{c}d}^{abi}$ )
1 ,
. $u=$ $(u^{1}, u2, |\cdot., u^{m})$ ,







$\mathcal{E}_{\kappa}$ (u(t)) $= \sum m$ $\sum$ $||$ (r)-1/2 $\partial$SaZ$b$u$i$ (t) $||_{L^{2}}^{2}$ (R$n$ )’ (22)
$i=1a+|b|\leqq n-1a\leqq 1$
$M_{\kappa}(u(t))= \sum_{i=1}^{m}\sum_{|a|=2}\sum_{|b|\leqq\kappa-2}||(c\cdot t-r\rangle\partial^{a}Z^{b}u^{i}(t,$ $\cdot)||_{L^{2}(\mathrm{R}^{n})}$ $(23)$
. $r=|x|,$ $\langle$$\rho)=\sqrt{1+\rho^{2}}$ . .
88
1 $n\geqq 3,$ $\kappa$ \geqq 2 .
$u=$ ($u^{1},$ $\ldots,$ $u$m) $E_{\kappa}(u(t))<\infty,$ $\sum_{i=1}^{m}\sum_{|a|\leqq\kappa-2}||(t+r)\square _{i}Z^{a}u^{i}(t)||_{L^{2}}<\infty$
$M_{\kappa}(u(t)) \leqq CE_{\kappa}^{1/2}(u(t))+C\sum_{i=1}^{m}\sum_{|a|\leqq\kappa-2}||$ $(t+r)\Pi_{i}$Zau$i(t)||_{L^{2}}$ (24)
. Klainerman-Sideris [13] Lemma 3.1 .
$M_{\kappa}(u(t))$ . $M_{\kappa}(u(t))$
$\langle c_{i}t-r\rangle$ Sobolev .
2 $n\geqq 3$ . $u=$ $(u^{1}, \ldots , u^{m})$ , $\overline{E}_{ln/2]+2}^{1/2}(u(t))<\infty,$ $M[n/2]+2(u(t))<\infty$
,
$\langle r\rangle^{n/2-1}\langle c_{i}t-r\rangle|\partial u^{i}(t, x)|\leqq C\overline{E}_{[n/2]+1}^{1/2}(u(t))+CM[n/2]+2(u(t))$ , (25)
$\langle r\rangle^{(n-1)/2}|\partial u(t, x)|\leqq C\overline{E}_{[n/2]+2}^{1/2}(u(t))$, (26)
$\langle r\rangle^{n/2-1}|$u(t, $x$ ) $|\leqq C\overline{E}_{[n/2]\dagger 1}(u(t))$ . (27)
. (25), (27) Hidano [2] Lemma 4.1 . (26) Metcalfe [15] Lemma
2.10
$||h||_{L^{\infty}(R/2\leqq|x|\leqq 2R)} \leqq CR^{-(n-1)/2}\sum_{|a|\leqq[n/2]+1}||Z^{a}h||_{L^{2}(R/4\leqq|x|\leqq 2R)}$
.
$[10, 15]$ L2- .
3 $n\geqq 3,$ $\kappa$ \geqq 1 . $E_{\kappa}(u(0))<$ oo $||\square _{i}S^{a}Z^{b}u^{\dot{n}}||_{L^{1}((0,T);L^{2}(\mathrm{R}^{n}))}<\infty(a+$
$|b|\leqq\kappa-1,$ $a$ \leqq 1)
$\sup_{0<t<T}E_{\hslash}^{1/2}(u(t))\leqq E_{\kappa}^{1/2}(u(0))+C\sum_{i=1}^{m}a+|b|\leqq\kappa-1\sum_{a\leqq 1}||\coprod_{i}$
SaZ$b$u$i||$ L1 $((0,T);L^{2}(\mathrm{R}^{n}))$ , $(28)$
$\{\log$ ($2+$ t)}-1/2 $( \int_{0}^{t}\mathcal{E}_{\kappa}(u(\tau))\mathrm{d}\tau)1/2$
$\leqq CE_{\hslash}^{1/2}(u(0))+C\sum_{i=1}^{m}a+|b|\leqq\sum_{\leqq a1}\kappa-1||\square _{i}S^{a}Z^{b}u^{i}||$ L1 $((0,t)j$L2 $(\mathrm{R}^{n}))$ $(29)$
.
80
. (28) . (29) $n=3$ Keel-Smith-Sogge [9]
Proposition 2.1, $n\geqq 4$ Metcalfe [15] Proposition 2.8 . [15] $\langle r\rangle^{-1/2}$




$(\partial_{t}^{2}-c_{i}^{2}\Delta)u^{i}(t,x)=F^{i}(\partial u)$ , $t>0,$ $x\in \mathrm{R}_{:}^{n}i=1,$ $.$ .. , $m$ , (30)
$u^{i}(0, x)=f^{i}(x),$ $\partial_{t}$u$i(0, x)=g^{i}(x)$ , $x\in \mathrm{R}^{n},$ $i=1,$ $\ldots$ , $m$ (31)
. $f^{i},$ $g^{i}\in C_{0}^{\infty}(\mathrm{R}^{n})$ , $T>0$ $0\leqq t<T$
(30)-(31) $u\in C$“ $([0, T)\cross \mathrm{R}^{n};\mathrm{R}$m) . , $u(t, \cdot)\in C_{0}^{\infty}(\mathrm{R}^{n};\mathrm{R}^{m})$
.
4 $u$ $0\leqq t<T$ (30)-(31) . $\kappa$
$\kappa’=[(\kappa-1)/2]+[n/2]+2$ , $|a|\leqq\kappa-2$
$||(t+r)\square _{i}Z^{a}u^{i}(t)||_{L}2\leqq CE_{\kappa}^{1/2},(u(t))E_{\kappa}^{1/2}(u(t))+CM_{\kappa’}(u(t))E_{\kappa}^{1/2}(u(t))$ (32)
. (18) $| \square _{i}Z^{a}u^{i}|\leqq C\sum_{j,k=1}^{m}\sum_{b,c}|\partial Z^{b}u^{j}||\partial Z^{c}u^{k}|$ . $b,$ $c$
$|b|+|c|\leqq\kappa-2,$ $|b|\leqq|c|$ [ . $|b|+|c|\leqq\kappa-2,$ $|b|\leqq|c|$
$|b|\leqq[(\kappa-2)/2]$ (25), (26)
$||(t+r)\partial Z^{b}u^{j}(t)\partial Z^{c}u^{k}(t)||_{L^{2}}$
$\leqq$ $C||$ ((c$jt-r)$ $+(r)$ ) $\partial$Zbu$j(t)\partial Z^{c}u^{k}(t)||_{L^{2}}$
$\leqq$ $C||(\langle cjt-r\rangle+\langle r\rangle)\partial Z^{b}u^{j}||_{L}\infty||\partial Z^{c}u^{k}||L^{2}$
$\leqq$ $C\{E_{|b|+[n/2]+2}^{1/2}(u(t))+M|b|+[n/2]+2(u(t))\}E_{|\mathrm{c}|+1}^{1/2}(u(t))$
$\leqq$ $C${ $E_{\kappa}^{1/2}$,(u(t))+M ’(u(t))}I\kappa 1-/21(u(t)).
(32) .
5 $u$ $0\leqq t<T$ (30)-(31) . $l$ ,




$M_{\mu}(u(t))\leqq CE_{\mu}^{1/2}(u(t)),$ $0<t<T$, (34)
$M_{l}(u(t))\leqq CE_{l}^{1/2}(u(t)),$ $0<t<T$ . (35)
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. 1 4 $0<t<T$
$M_{\mu}$ (u(t)) $\leqq$ $CE_{\mu}^{1/2}(u(t))+CE_{\mu}^{1/2},(u(t))E_{\mu}^{1/2}(u(t))+CM_{\mu’}(u(t))E_{\mu}^{1/2}(u(t))$
$\leqq$ $CE_{\mu}^{1/2}(u(t))+C\epsilon M_{\mu}(u(t))$





$l$ , $E_{l}$ ($u$ (t))
. , $E_{\mu}(u(t))$ . 5
2 .
1 $u$ $0\leqq t<T$ (30)-(31) . $l$ , $\mu=$
$l-[n/2]-2$ $l$ $\langle$ $[l/2]+[n/2]+2\leqq\mu$ , $\epsilon>0$
$0^{\mathrm{S}}<$X$<\tau \mathrm{p}E_{\mu}^{1/2}(u(t))\leqq 2\epsilon$ (36)
,
$\langle r\rangle^{n/2-1}\langle c_{i}t-r\rangle\sum_{|a|\leqq[l/2]}|\partial$
Zau$i(t, x)|\leqq CE_{\mu}^{1/2}(u(t))$ , (37)
$\langle r\rangle^{(n-1)/2}\sum_{a\leqq 1}|\partial a+|b|\leqq[l/2]$
SaZ$b$u(t, $x$ ) $|\leqq CE_{\mu}^{1/2}(u(t))$ , (38)
$\langle r\rangle^{n/2-1}\sum_{a+|b|\leqq[\iota_{1}/2]+1}|\circ\leqq$
SaZ$b$u(t, $x$ ) $|\leqq CE_{\mu}^{1/2}(u(t))$ . (39)
2 1 ,
$\langle r\rangle^{n/2-1}$ ( $t$ $-r\rangle$




SaZ$b$u(t, $x$ ) $|\leqq CE_{l}^{1/2}(u(t))$ , (41)




$u$ $0\leqq t<T$ (30)-(31) .
. , $L^{2}-$
. $l$




6 $u$ $0\leqq t<T$ (30)-(31) . $l,$ $\mu$ , $\epsilon>0$
, (43), (44) . $\kappa=\mu$ $\kappa=l$ ,
$a+|b|\leqq\kappa-1,$ $a$ \leqq 1
$||\square _{i}$SaZ$b$u$i(t)||L2\leqq C\langle t\rangle^{-1}E_{\mu}^{1/2}(u(t))E_{\kappa}^{1/2}(u(t)),$ $0<t<T$ . (45)
. (18) ,
$||\square _{i}$SaZ$b$u$i(t)||_{L}2 \leqq C\sum_{j,k=1}^{m}\sum_{c,d,e,f}||\partial$S$c$Z$d$u$j$ (t) $\partial$SeZfuk $(t)||_{L^{2}}$ (46)
. $\mathrm{c},$ $d,$ $e,$ $f$ $c+|d|+e+|f|\leqq\kappa-1,$ $\mathrm{c}+e\leqq 1,$ $c+|d|\leqq e+|f|$
. $c=0$ $|d|\leqq[(\kappa-1)/2]$ , (37), (38)
$||\partial$Zduj(t) $\partial$SeZfuk $(t)||_{L^{2}}$
$\leqq$ $C\langle t\rangle^{-1}||$ $(\langle r)+$ (cjt-r) $)\partial$Zdu$j$ (t) $\partial$SeZfuk $(t)||_{L^{2}}$
$\leqq$ $C\langle t\rangle^{-1}||(\langle r\rangle+\langle c_{j}t-r\rangle)\partial Z^{d}u^{j}(t)||_{L}\infty||\partial S^{e}Z^{f}u^{k}(t)||_{L^{2}}$
$\leqq\cdot C\langle t\rangle^{-1}$E$\mu 1$/2 $(u(t))E_{\kappa}^{1/2}(u(t))$ . (47)
$c=1$ $1+|d|\leqq[(\kappa-1)/2],$ $|f|\leqq\kappa-2$ . ScZduj
L\infty - ,
$||\partial$SZdu$j$ (t) $\partial$Zfuk $(t)||_{L^{2}}$
$\leqq$ $C\langle t\rangle^{-1}||$ $(\langle r)+$ (ckt-r) $)\partial$SZdu$j(t)\partial Z^{f}u^{k}(t)||_{L^{2}}$
$\leqq$ $C \langle t\rangle^{-1}(||\langle r\rangle\partial SZ^{d}u^{j}(t)\partial Z^{f}u^{k}(t)||_{L^{2}}+||\langle r\rangle\partial SZ^{d}u^{j}(t)\frac{1}{r}\langle c_{k}t-r\rangle\partial Z^{f}u^{k}(t)||_{L^{2}})$
$\leqq$ $C \langle t\rangle^{-1}||\langle r\rangle\partial SZ^{d}u^{j}(t)||_{L}\infty(||\partial Z^{f}u^{k}(t)||_{L^{2}}+||\frac{1}{r}\langle c_{k}t-r\rangle\partial Z^{f}u^{k}(t)||_{L^{2}})$
$\leqq$ $C \langle t\rangle^{-1}E_{\mu}^{1/2}(u(t))(E_{\hslash}^{1/2}(u(t))+||\frac{1}{r}\langle c_{k}$ t-r)\partial Zfuk $(t)||_{L^{2}})$ (48)
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. $\langle c_{k}t-r\rangle$ (37)
. $S$ 2 . (48) Hardy
$|| \frac{1}{r}\langle c_{k}t-r\rangle\partial Z^{f}u^{k}(t)||_{L^{2}}$ $\leqq$ $C||\nabla(\langle c_{k}t-r\rangle\partial Z^{f}u^{k}(t))||$ L2
$\leqq$ $CE_{\kappa}^{1/2}(u(t))+CM_{\kappa}(u(t))$ (49)
(46)-(49) 5 (45) .
. 1(12) 2
1
1 $u$ $0\leqq t<T$ (30)-(31) . ’ $\mu$ , $\epsilon>0$
, (43), (44) .
$E_{l}^{1/2}(u(t))\leqq E_{l}^{1/2}(u(0))\langle t\rangle^{C}$ ‘. (50)
. (28) 6
$E_{l}^{1/2}(u(t))$ $\leqq$
$E_{l}^{1/2}(u(0))+C \sum_{i=1}^{m}\sum_{a+|b|\leqq \mathrm{t}-1,a\leqq 1}\int_{0}^{t}||\square _{i}$
SaZ$b$u$i(\tau)||_{L}$2 $\mathrm{d}\tau$
$\leqq$ $E_{l}^{1/2}(u(0))+C \int_{0}^{t}(\tau)-1$E$\mu 1/2(u(\tau))EI^{/\mathrm{z}}(u(\tau))\mathrm{d}\tau$
$\leqq$ $E_{l}^{1/2}(u(0))+C \epsilon\int_{0}^{t}(\tau)-1$Et/2 $(u(\tau))\mathrm{d}\tau$ (51)
Gronwall
$E_{l}^{1/2}(u(t)) \leqq E_{l}^{1/2}(u(0))\exp(C\epsilon\int_{0}^{t}\langle\tau\rangle^{-1}\mathrm{d}\tau)$ (52)
(50) .
7 $u$ $0\leqq t<T$ (30)-(31) . $l,$ $\mu$ , $\epsilon>0$
$f$ (43), (44) . $a\leqq 1,$ $a+|b|\leqq\mu-1$
,
$\int_{0}^{t}\mathcal{E}_{\mu}(u(\tau))\mathrm{d}\tau\leqq C\epsilon^{2}\{\log(2+t)\}^{3}$ . (53)
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. $a\leqq 1,$ $a+|b|\leqq\mu-1$ (29) 6
$\{\log(2+t)\}^{-1/2}(\int_{0}^{t}\mathcal{E}_{\mu}(u(\tau))\mathrm{d}\tau)^{1/2}$
$\leqq$









(12) - 3 4
. 3 (8) ,
$r>c_{0}t$ (c0 $:=\underline{1}\mathrm{m}$in $c_{t}\langle$ ) . $r<c_{0}t$ 3 42 $1\leqq i\leqq m$
. 1 $\langle t\rangle^{-1}$
, $t$ l . 7 L2-
. $E_{\mu}$ ($u$ (t)) 3
$E_{\mu}^{1/2}(u(t)) \leqq E_{\mu}^{1/2}(u(0))+C\sum_{i=1}^{m}\sum_{\circ\leqq 1}\int_{0}^{t}a+|b|\leqq\mu-1||\square _{i}$
SaZ$b$ut$\tau$) $||_{L}$2 $\mathrm{d}\tau$ (55)
. (55) .
8 $u$ $0\leqq t<T$ (30)-(31) . ’ $\mu$ , $\epsilon>0$
, (43), (44) . $a\leqq 1,$ $a+|b|\leqq\mu-1$
,
$\int_{0}^{t}||\square iS^{a}Z^{b}u^{i}(\tau)||_{L^{2}(r<c_{0}\tau)}\mathrm{d}\tau\leqq CE_{l}^{1/2}(u(0))\epsilon$ . (56)
. (18) ,
$||\square _{i}$SaZ$b$u$i(t)||_{L^{2}(r<\mathrm{c}0^{\tau})} \leqq C\sum_{j,k=1}^{m}\sum_{c,d,e,f}||\partial$S$\mathrm{c}$Zdu$j$ 0) $\partial$SeZfuk $(t)||_{L^{2}(r<c_{0}\tau)}$ (57)
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. $c,$ $d,$ $e,$ $f$ $\mathrm{A}\mathrm{a}$ $\ovalbox{\tt\small REJECT}\square l\mathrm{h}$ $c+|d|+e+|f|\leqq\mu-1,$ $c+e\leqq 1,$ $c+|d|\leqq e+|f|$
. $c=0$ $|d|\leqq[(\mu-1)/2]$ , (37)
$||\partial$Zdu$j(\tau)\partial S^{e}Z^{f}u^{k}(\tau)||$ L$2(r<c_{0}\tau)$
$\leqq$ $C\langle\tau\rangle^{-1}||\langle r\rangle^{n/2-1}\langle c_{j}\tau-r\rangle\partial Z^{d}u^{j}(\tau)\langle r\rangle^{-1/2}\partial S^{e}Z^{f}u^{k}(\tau)||_{L^{2}(r<c_{0}\tau)}$
$\leqq$ $C\langle\tau\rangle^{-1}||\langle r\rangle^{n/2-1}$
$\langle$cj $\tau-$ r)\partial Zdu$j$ (\mbox{\boldmath $\tau$}) $||$ L\sim $||\langle r\rangle^{-1/2}\partial S^{e}Z^{f}u^{k}(\tau)||$ L2
$\leqq$ $C\langle\tau\rangle^{-1}E_{\mu}^{1/2}(u(\tau))\mathcal{E}_{\mu}^{1/2}(u(\tau))$ . (58)
$c=1$ $1+|d|\leqq[(\mu-1)/2],$ $|f|\leqq\mu-2$ . (40) 1 ,
$||\partial$SZduj $(\tau)\partial$Zfuk $(\tau)||_{L^{2}(r<c_{0}\tau)}$
$\leqq$ $C\langle\tau\rangle^{-1}||\langle$r)-1/2 $\partial$SZduj($\tau$) (r $\rangle$n/2-1 $\langle c_{k}\tau-r\rangle\partial Zfu(k\tau)||_{L^{2}(r<c_{0}\tau)}$
$\leqq$ $C\langle\tau\rangle^{-1}||\langle r\rangle^{-1/2}\partial SZ^{d}u^{j}(\tau)||_{L^{2}}||\langle r\rangle^{n/2-1}\langle c_{k}\tau-r\rangle\partial Z^{f}u^{k}(\tau)||_{L^{\infty}}$
$\leqq$ $C\langle\tau\rangle^{-1}\mathcal{E}_{\mu}^{1/2}(u(\tau))E_{l}^{1/2}(u(\tau))$ (59)
(57)-(59)
$||\square _{i}$SaZ$b$u$i(\mathcal{T})||$L2 $(r<c_{0}\tau)\leqq C\langle\tau$X$1\mathcal{E}_{\mu}^{1}$/2 $(u(\tau))E_{l}^{1/2}(u(\tau))$ . (60)
1
$\int_{0}^{t}||\square _{i}$SaZ$b$u$i(t)||L2(r<c07)$ $\mathrm{d}\tau\leqq CE_{l}^{1/2}(u(0))\int_{0}^{t}\langle\tau$) $-1+C\epsilon \mathcal{E}$1/2 $(u(\tau))\mathrm{d}\tau$ . (61)





$\leqq$ $( \int_{0}^{1}\mathcal{E}_{\mu}(u(\tau))\mathrm{d}\tau)^{1/2}+\sum_{j=0}^{N}(2^{\mathrm{j}})^{-1/2+C\epsilon}(\int_{0}^{2^{j+1}}\mathcal{E}_{\mu}$(u($\tau$)) $\mathrm{d}\tau)^{1/2}$
$\leqq$ $C \epsilon+C\epsilon\sum_{j=0}^{N}(2^{j})^{-1/2+C\epsilon}\{\log(2+2^{j})\}^{3/2}\leqq C\epsilon$ . (62)
(56) . $\square$




9 $n\geqq 4$ . $u$ $0\leqq t<T$ (30)-(31) . $l,$ $\mu$
, $\epsilon>0$ , (43), (44) , $a\leqq$
$1,$ $a+|b|\leqq\mu-1$ ,
$I_{0}^{t}||\Pi_{i}$SaZ$b$u$i(\tau)||_{L^{2}(r>\mathrm{c}_{0}\tau)}\mathrm{d}\tau\leqq C\epsilon^{2}$ . (63)
. (18) ,
$||\Pi_{i}$SaZ$b$u$i(t)||_{L^{2}(r>c_{0}\tau)} \leqq C\sum_{j,k=1}^{m}\sum_{c,d,e,f}||\partial$S$c$Zdu$j$ (t) $\partial$SeZfuk $(t)||_{L^{2}(r>c_{0}\tau)}$ (64)
. $c,$ $d,$ $e,$ $f$ $\mathrm{t}\backslash$ $\ovalbox{\tt\small REJECT} \mathfrak{o}\uparrow\mathrm{h}$ $c+|d|+e+|f|\leqq\mu-1,$ $c+e\leqq 1,$ $c+|d|\leqq e+|f|$
. $c+|d|\leqq[(\mu-1)/2]$ , (38)
$||\partial S^{c}Z^{d}u^{j}(\tau)\partial S^{e}Z^{f}u^{k}(\tau)||_{L^{2}(r>c_{0}\tau)}$
$\leqq$ $C\langle\tau\rangle^{-3/2}||\langle r\rangle^{(n-1)/2}\partial S^{\mathrm{c}}Z^{d}u^{j}(\tau)\partial S^{\mathrm{e}}Z^{f}u^{k}(\tau)||_{L^{2}(r>c0\tau)}$
$\leqq$ $C\langle\tau\rangle^{-3/2}||\langle r\rangle^{(n-1)/2}S^{c}\partial Z^{d}u^{j}(\tau)||_{L}\infty||\partial S^{e}Z^{f}u^{k}$ (\mbox{\boldmath $\tau$})||L2
$\leqq$ $C\langle\tau\rangle^{-3/2}E_{\mu}(u(\tau))\leqq C\epsilon^{2}\langle\tau\rangle^{-3/2}$ . (65)
, (64), (65) (63) . .
$n=3$ (8) .
10 $\alpha,$ $\beta=1,2$ , $3$
$|$Q$\alpha\beta(\phi, \psi)$ (t, $x$ ) $|\leqq C\langle r\rangle^{-1}\{|\nabla\phi(t, x)||Z\psi(t,x)|+|Z\phi(t, x)||\nabla\psi(t,x)|\}$ (66)
. $r\leqq 1$ . $r\geqq 1$ $Q_{12}($ \phi , $\psi)$
.
$x^{1}Q_{12}(\phi, \psi)$ $=$ $\partial_{1}\phi\Omega_{12}\psi-\Omega_{12}\phi\partial_{1}\psi$
$x^{2}Q_{12}(\phi, \psi)$ $=\partial_{2}\phi\Omega_{12}\psi-\Omega_{12}\phi\partial_{2}\psi$
$x^{3}Q_{12}(\phi, \psi)$ $=$ $\partial_{3}\phi\Omega_{12}\psi-\Omega_{12}\phi\partial_{3}\psi$
$-\partial_{1}\phi\Omega_{23}\psi+\Omega_{23}\phi\partial_{1}\psi-\ \phi\Omega_{31}\psi+\Omega_{31}\phi\ \psi$
11 $n=3$ . $u$ $0\leqq t<T$ (30)-(31) . $l,$ $\mu$
, $\epsilon>0$ , (43), (44) . $a\leqq$
$1,$ $a+|b|\leqq\mu-1$ ,
$\int_{0}^{t}||\square i$SaZ$biu(\tau)||_{L^{2}(r>\mathrm{c}_{0}\tau)}\mathrm{d}\tau\leqq C\epsilon E_{l}^{1/2}(u(0))$ . (67)
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$\leqq$ $C\langle \mathrm{T}\rangle^{-3/2}\overline{E}_{1}^{1/2}(12(\mathrm{v}))\mathrm{f}^{-}\mathrm{H}^{/2}(u(\mathrm{t}))$ . (68)
, (18)
$S^{a}$Z$b$Qap(u$j,ku$)
$=a \neq \mathrm{f}=b\sum_{c+\mathrm{e}=a}Q_{\alpha\beta}(S^{c}Z^{d}u^{j}, S^{e}Z^{f}u^{k})$
(69)
$||\square _{i}S^{a}Z^{b}u^{i}(\tau)||L2(r>c\mathrm{o}\mathrm{r})$ $\leqq$ $C\langle\tau\rangle^{-3/2}E_{\mu}^{1/2}(u(\tau))E_{l}^{1/2}(u(\tau))$
$\leqq$ $C\epsilon\langle\tau\rangle^{-3/2}E_{l}^{1/2}(u(\tau))$ . (70)
1 (67) .
8, 9, 11 .
2 $u$ $0\leqq t<T$ (30)-(31) . $l,$ $\mu$ , $\epsilon>0$
, (43)(44) .
$E_{\mu}^{1/2}(u(t))\leqq E_{\mu}^{1/2}(u(0))+C\epsilon^{2}+C\epsilon E_{l}^{1/2}(u(0))$ . (71)
1 . $E_{l}^{1/2}(u(0))<\epsilon$ , $t$
$E_{\mu}^{1/2}(u(t))<2\epsilon$ . $t$ , $T<\infty$
. $0\leqq t<T$ 2
$E_{\mu}^{1/2}(u(t))\leqq\epsilon+C\epsilon^{2}$ (72)
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